
AD-A112 172 NAVAL RESEARCH LAB WASHINGTON DC F/s 17/1
SONAR TRANSDUCER RELIABILITY IMPROVEMENT PROGRAM (STRIP) FY 62.1U)
JAN 82 R W TIMME

UNCLASS1FIED NRL-MR-4724Iiiiiiiiiiiiii
IIIII IIIIII



6 5

_ _2 2

~20

1 .25 4 11.

N1NI 1



NRL Memorandum Report 4724

Sonar Transducer Reliability Improvement Program
(STRIP) FY 82 First Quarter Progress Report

R. W. TIMME

Transducer Branch
Underwater Sound Reference Detachment

P.O. Box 8337
Orlando, Florida 32856

January 1, 1982

0

DTIC
4i MAR 1 8 1982

NAVAL RESEARCH LABORATORY B
Washington, D.C.

Approved for public release; distribution unlimited.

82 O 18 254

• . ,,=Jml nnnnmimm ilina unr n nmm l lillm ll mmn mm , . " T: . .. . ° - ... .. . ..



PREAD INSTRUCTIONS

REPORT DOCUMENTATION PAGE B aEFORE COMPLETING FORM,

I RE :Q -2BF Gc VT ACCFSSION1 NO., PE: P-E'.-S CA-A G N-.BEP

NRi >lciao iail iti 1 
l)tt Q- t

4 T I E - S bP5 F REPRCR b PERIOC COZERE

Interim report on a
(U) Sonar Transducer R iiab L£ itv' Improvement _continuing problem

Program (STRIP) FY82 First uarter Progress r6 PERFORNGORG. RORT N

Report

7. AUGOR{a, S. CONTRACT OR GRANT NuMBER(.

R.W. Timme

9 PERrDRVING ORGAN!Z A'!CN N4AME AND AORESS 10 PROGIPAMii E..EMEN.7 P0O.EC- 'ASK
AREA & WORK UNIT NLJMBERS

Underv7ater Sound Reference Detachment llement: 24281

Naval Research Laboratory RL Work t!nit: 59-0584

P.O. Box 3337, Orlando, FL 32356

!I ZN OL NG FFICE NAME AN: AGORESS I I. REPORT DATE

Naval Sea Systems Command I I January 1982

(SEA63X5-1) 13 NuMBER OF PAGES

Washington, DC 20362 52
14 MCNITORIN3 AGENCY N A E I ACCRESSIi dffferern t om Controll-n4 Office) 5 SECURITY CLASS. of thIe report)

Unclassif ied

O 1ECLASSICICATION DOWNGRADING
SCAEOULE N/A

16. OISTRIBUTION STATEMENT of :.hs Repor:;

Approved for public release; distribution unlLmited

17. DISTRIBUTION STATEMENT of the abstract .fltered In Block 20, It dilffer"( from, Report)

18 SUPPLEMENTARY NOTES

The Sonar Transducer Reliability Improvement Program (STRIP) is sponsored

by Naval Sea Systems Command (SEA63X5)

19. KEY WORDS (Cinfnu. on reve se side if necessary and identlfy bv block number)

Transducers Connectors Environmental test -- i L' ding

Corona :oi-so & vibrat ion Plast ics ,nhhtrs

Transdun'cr fluid PressurC release 0-r ineas

Encapsul at ion Material evaluot ion C(- ramics

Cables Water perment ion "Cotal matr ix ,'compo ite ;
2 6\ ABSTRACT 'Contlnue on reverse side It neceesry and Identify by block number)

-"Progress was limited in the first quarter of FY82 due to the delay in

funding which resulted from the lack )f a national budget. Work

progressed in onl. 6 of the 21 work units, and only then because of

special funding situations.

DD JAN 73 1473 EIION OF NO OBEITCLASSIFIED

CU Y A I A02- O G- 1oD1t SErCUIRITY CLASSIFICATION 001 TIlS 04GOE ,llhn Datem 1-11,e '



UNCLASSIFIED

SICURITY CLASSIFICATION OF THIS PAGE flitmen Dota Ent-red)

ii UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGErWh
e n

0ate Ent red)



TABLE OF CONTENTS

PA(;E

I. 1 NTRODUCT I ON .............. .......................... 1
1.I. Program Overview ........... .................... 1
1.2. Summary of Progress. .......... .................... 3
1.3. Plans. .......................... 3
1.4. Report Organization .......... .................... 3

2. FATLURE MODES FROM WATER ........... .................... 5

3. ALTERNATTVE MATERIALS: METAL MATRIX COMPOS MIES .... ......... 9

4. UNSHIELDED CABLES ........... ........................ 13

5. CORONA CONTROl ............ .......................... 17

6. EN(;INEERIN(; ANALYSfIS ......... ...................... 23

7. SQS- 5 6 TRANSDUCER PRODUCT FABRICATION SPECIFICATION ......... . 31

REFERENCES ............ ........................... ,43

DISTRIBUTrION LIST. ............ ....................... 45

iii



SONAR TRANSDUCER RELIIABI 11.I Y I. PROVEMENT PROGRAM
FY82 FIRST QUARTER PROGRESS REPORT

1. T NTRODUlC'' OIN

1.1 Program Overview

The primary pturpo;e Of this )ra)gr:m i to dcvwlop Critical Item
Product Fabrication Specifications to suppirt the Icquisition of rl iable,
cost-effective fleet sor ar transducers. 'This program will provide t he
technology base for tht' dcvelopment of overall transd!ucer design sp(cifica-
t ions through: tit, dt.f in it ion of cxt r.;aceoui! noise criteria, the def init iou
of rel Libi I itv and I iffe predict ion models, the anal .'si ; )f fail uren e ,
the col ect ion of a stat ist ica L data base, t I e char ac ter i 7at ion and
spec if icat ion of materials, the development and appl icat ion of new des ign
concept and diagnostic pry cedures, and the development /appl icat ion ,,
methods and facilities' for accelerated life testing and extraneous noise
T&E measurements.

The output of thiis program will consi.st of tiye spec if icat ions,
standards, and formal documentation for the materials, components, and
processes necessary for the desig:n, test eviluation, arid ultimate
procurement of reliable fleet transducers. Fliese deliverables will define
the required chemical composition and mechanical propert its of materials,
interpret gathered rel lability data to define failure rates and mechanisms,
define assembly, qual itv control, and dia.;nest ic procedures, and define
tie required methods for the performance and 1 ifet ime e-valution of
t ran sducers.

The program is; organized into f ma or lasr 11rti0-, [;chK Of wii('h

contains several Project Areas, and, in turn, each nc , whill will
contain several spec ific Work in its that will c han c each veair in response
to milestones established by the acquisit iton requirelient . Ihe
organ izat ional struc tire is shown in Fig. I1.

The FY82 Program Plan Ior STRIP has been described in detail in
Appendix A of NRI, Memorandum Report 40h11.1 The specifi'' wrk 1onit: annd
their principal investigators for FY82 are ..iven i I able I.I.
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1.2. SUMARY OF' PROGRESS

Progress was extreme lv limited in t ie f irst quarter of FY82 because of
the delav in tmiding which resulted from the lack of a national budget.
Work progressed in ony v ix of the 21 work un its, and only then because of
s';pei'al funding sittoat ions.

1. 3. PLANS

The annual proegram review of STRIP which is normally held in .irch of
ec h year will not be hclid in 1982 bcause Of the limited progress resulting
from the delayed funding. The. program will restart ;is oon as possible-after funds are distributed.

1.4. REPORT ORGAN I ZATION

the, remaining sect ions ot this quarterly report will disCuss the
object ives , progress,, and p lan s for tt. hepecifiC tasks includUd in tie ShRIP.



2. WORK UNIT 1.B.1 FAILURE MO0DES FROM WATER

2.1. BACKGROUND

The state of water which enters a transducer and its effects once
inside are cont inuing probl ems in the sonar comimni ty. Important questions
are:

*What impuLrities come through rubber seal,; with water
permeat ion?

*Where is thlt internal water, adsorbed or vapor?

*What t eriperatuLre s or heat flows occur witiln
transducers- when Lit, ambient temperature change-s
or the device is .driveni?

* What value is desiccant iii a trainsducer?

flHow can the l ifetime of at transducer be accelerated?

2.2. OBJECTIVE

rim objective is to determine the effects of water or water vapor on

the performance and lifetime of sonar transducers and livdrophones.
Specifically, the effects of the neoprene seals on the permeant (and vice
versa) and the electronic changes caused by the permeant are to be
invest igated.

2.3. PROGRESS

2.3.1I. Water Effects, on Transducers

This phase of the work has been completed withi tilie conmcl usion tlhat
TR-208A transducer'; and others of ,,im iiar ,,cometirv and conttrict ion whichi
have exper ienc ed degrada tion of free-f iI d volta c (' n sit iv it v and t ran s-

mitt ing current res ponse because of aging, and] internal water saturat ion can
be restored to their or iginal performance by very thborough dry ing.

The problem, oIf course, is obtaining- the very thorough drvingi. Whenl

the same drying procedure was 'ipp i ed to another water saiturated tiranisdliccr,
the X- 308, the performance was not rest ored to t he or ig i nai . In eac Icis

the transducers were fi rst aged in a 70'C~ oven with internail ((C' RHf and

then dried by connect ing to at closed air-c i r"ilat ing system consist inc, of

a simall air pump, a desiccant tube f illed wit li t ',pe /4A molecular ieve and~
mg(eO4' ,andl Lygon tuibing;. It was found t bat tie X- 108 conta me'd

6.7 g of water, btit since thle aI ir vol nine was; capable of holid iti ' onl I. 0-04lI

of water at 897 Rif, t hin 99. 5 of t lie( wat er wsads;orbed onl int ernalI

surfaces or absorbe d into parts such1 as corirene or pr inted circuit boa).rds.-

Tbhis valuec is compnirnbhi to t ha t for I lo TR-2 nBA wh~ere 98. ', wi'; ad so rlI ci
or absorbed. Ilucit s'' of muich more i;urfaco i '1 ind a much 'i ore cop icit (I

inner Ar rue In ci for t hi' :,-IrM8, Llie t ine for beli dir': 1W 's i mli be

k iiLCiD~iiG PAGJL SLAM -NOT Fl 4-A
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extended to achieve the same degree of recovery of properties as for the
TR-208A.

'2.3. 2. Wat e r Pormeat ion Through E1 astomer:;

lonlg-teI'In exper imelts are con inu iu, wit It DI and s- twat er as permeant s

through Burke Neoprene 5109. Experiments were begun at 20, 40, 60, and 80'C.
However, anomalous data seem to be appearing at 80C, such as lower
permeat ion rates than the 00 samples. Also, some deposit is appearing on
the outer surface of the high temperature samples. To prevent extreme
bulging of the rubber in the 80' test, the complete assembly was preheated
to tie test temperature before it was sealed.

Prel iminary data are given in Table 2. 1 for t ie results to date. Datu

for the three temperatures given in Table 2.1 were used to generate an
Arrhenius plot for the determination of the energy of activation, E, for
permeation of fresh water through Burke 5109. This plot is shown in Fig.
2.1. The permeat ion constant, P, for 5109 has been determined by
Dr. Corlev Thompson (NRI,-IISRD) to be 25 ng-cm/cm-hr-torr at 20'C. This
value roughly agrees with TRI's room temperature P of 21.9 ng-cm/cm3 -hr-torr.
There are, however, d iscrepancies between NRL's and TRI's elevated
temperature data. TRI's calculated El was 12.2 kcal mole - 1 compared to

NRL's value of about I kcal mole
- I c

Table 2.1 - Permeation Data on Burke 5109

Permeation Total P,
I Condition Rate, Flux, ng-cm/cm

2
-hr-torr

mg/cm2/day g

1 23"/DI 0.050 0.059 21.9

2 23*/Salt 0.065 0.155 28.8

3 40*/Dl 0.42 0.316 79.1

4 40*/Salt 0.41 0.4(65 78.7

5 60*/DI 3.67 2.435 256

6 60"/Salt 3.91 2.492 276

7 80*/DI Restarted ......

8 80*/Salt Restarted ---

6
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400 .5 x 0 oK

S".2kca s o.e
-
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Fig. 2.1 - leterminat ion of tihe onergy of act ivat ion
for permeation of deionized water through
Burke 510P9 neoprene rubber

2.4. PLANS

Plans for t lu lex t quarter are to i nve .;t i gat t ow muc- 1 wat or w i I I an
oil-filled t ra .ducer accept and where will it go.

, .7



3. WORK UNIT II.A.3 ALTERNATIVE MATERIALS: METAL MATRIX COMPOSITES

3. 1. BACKGROCNID

The main reason for considering metal m~atrix composites is to increaste
the bandwidth of the transducer. 'the bandwidth of the transducer Is inv.rs:-
ly related to the total energy stored in tlie vibrating, system. If the stored
energy is reduced in rela t ion to the energy d iss ipat ed per cvc It than the
bandwidth will be increased. There is energy stored in the head, the ceramic,
the tail, and some in the acoustic field. Of these, the head is unique
because its velocity i- the same velocity that flows into the load. So, in
addition to the head being located where the velocity is maximum, that
velocity cannot be reduced without reducing the energy radiated. Therefore,
the only way to minimize its stored energ y is to reduce its mass. Thiq mass
reduction is what the metal matrix composite material is expected to
provide.

3.2. OBJECTIVE

The objective is to quantitatively compare and experimentally: demon-
strate the performance improvement possible with metal matrix composite
materials for the head of longitudinal vibrator elements.

3.3. PROGRESS

Progress this quarter has been the establishment of an interface with

the Navy activities, significant progress in the finite element analysis of
vibrator heads, and ordering of silicon carbide particulate alum parts for
the radiating heads.

!Aoialysis of Head Vibrations

F,*y,u c i 'r' .'U . . . , . The A.NSYS program is be in
used to calculate the head displacements. Support for this act ivity is
being provided by Bruce Raymond of Control Da ta Co rpo ra t i on. 'Thu mathI
model has been set up and check out is nearing complet ion. Selected t riiI
cases at the extremes of the range of cases desired haVe been run and most
of the computed results have been verified.

The model selected contains 90 nodes, 60 of which are shown in Fi4. 3.1.
The model is a figure of revolution with the left-hand line of nodes beinp

the axis symmetry. For the calculations, sinusoidal drive is appl ied at
nodes 12, 13, and 14. Stiffness elements corresponding to an estimated
ceramic stack stiffness are connected between nodes 5 and 12 and between
nodes 7 and 14. A stiffness corresponding to a stress bolt is connected
between nodes 29 and 57. The stress bolt stiffness is assumed to be

one-tenth of the ceramic stack stiffness.

Radiation mass loading is approximated by approprihat ely selected
lumped masses at nodes 50 through 56. Radi,-tion resistive loading is,
approximated by appropriately sized damping elements connected between
nodes 50 throiiph 56 and nodes 57 through 6' .

9
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Thirty degrees of freedom are used, sixteen of which are specified.

9b
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Fig. 3.1 - Finite Element Math Model

i>r tQrPro n7'a CX.tru+ D-+a. Three types of output data have been

calculated and are being evaluated. These are: (1) calculation of the

first 30 resonance frequencies; (2) calculation of the X and Y node dis-

placement for frequencies from I to 25 kHz in I kHz steps, presented in

tabular form; and (3) the same as #2 but presented in picture form.

To aid in the interpretation and evaluation of the results, a figure

of merit has been defined and calculated. The figure of merit was desired

to be the actual total volumetric displacement of the head, normalized to

the desired displacement of the head. The desired displacement is defined

as the area of the head times the displacement of the nodes of the back of

the head where it is being driven with unit velocity (i.e., 1 .000 0 °

phase). The actual displacement of the head is calculated by summing the

products of the face nodes times their appropriate areas. However, the

face nodes are not all moving with the same phase relative to the drive

velocity. To at least partially account for this condition, the velocity

assigned to each of the face nodes in the figure of merit calculations is

the amplitude times the cosine of its phase angle. This produces a snapshot

of the head motion at some insrtant of time.

1 0



Mater ial P1rocuremenlt
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nachm iii these~i part h'I,( mater ial o)rd(-rcd is 35" volumne ()f i I itn
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3. 5. P LAN S

The(- f')Il (17in,", t asks; are-1 pl nih-ti or t h1L nL'-St rjuarte-r:

C om p Ilet he t a !I-'t 11anai i -

B Mi i I td and ( t es-t ti mo LPI )d (l-s to suppo 1)1cr t thIie an i icS -i

*Prepare the final project report.



4. WORK UNIT II.B.l UNSHIELDED CABLES

4.1. BACKGROUND

Certain advantages such as better w:aterproofing, better water-lockrinc
and lower cost would result from the use of underwater electrical cable
without the internal shielding. The use of unshielded vs shielded cable
has alreadyv been investigated from a mechanical strength viewpoint. Iie
approach will now be to consider the electronics viewpoint of u.sing on-

shielded or shielded cable on the outboard side of a submarine. Concern:s
are primarily centered upon electromagnetic interference and ground loo,5.

4. 2. OB.I ECT I VE

The obje c t ive is to det erm ine , et her the ii se of unslielded ca le I i n

place of shielded cable, texterior to the hull 01 a submarine, will affect
the electrical performance and rel ijabil it' of snar sy st1n1s. Tlhree tasks
are associated with the accomplishment of this bjective. lhese tasks art-:

Survey and analyze the installatiWL of the 1)T-276
hydrophone of the BQR-7 and BQ-5 systems on submarines
to determine the electromagnetic interference (EMI)
environment and the present practices of utilizing
shielding on cables.

* Develop the theoretical modeling of shielded vs
unshielded cables necessary and sufficient to predict
the electrical performance and reliability of
individual and arrays of DT-276 hydrophone in the

EMT environment found exterior to the hull of a
submarine.

• Devise and implement experimental procedures to

verify the predictions from the second task.

4.3. PRORESS

Work continued toward the determination o' the current density on the
exterior of a coaxial cylinder immersed in seawater. A coaxial model - an
aluminum cylinder 15.2 cm in radius - was used to represent the submarine.
The magnitude of the currents flowing in the seawater outside the outer

conductor provide a measure of the field penetration of inside sources
through the submarine hull. However, the dimensions of the submarine model
and the resulting math model are such that the elements of the matrix vary
greatlv in their magnitude - the Bessel functions are on the order of 1l u

and the Hankel functions are on the order of I0 - 1 7. Because of such large
differences, the matrix is ill-conditioned and yields a determinant that
becomes numerically zero during the computerized calculations.

In order to validate the mathematical solution, it was decided to
solve the equations for a smaller coax is seawater. The solution to the

1 3
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It mat r ix qu it ion was; carr ied oi ti ii i),, t ,indardl ompuit er t och i T ies he
resul t i ng cuitrren t den'1 itL it-s i n t hit, oute r conduct or ind inl t he externalI
seawater Ire' shown Fig. 4. 1. Note that the magnitude of the current
dens it v i s f a irlIv constant across theit ou t or conductor , which, at a
frequencv o t 400 liz, i a; an expec ted reanl I t . Thel( m1nagri i t udc o fL t( cuirren t
density, however, drops bY several orders ot tmagnitude, and( conit jutea to
falll Off -dea;d ii\ vWithI increasing disatance , again an expect ed resuilt.

Interio r Fhound11i ry

4 of Outer ConducIftor xeirBudv
3xlO 71of

2x04 o =3.54 x 10 Outer Conductor
2x10 (Aluminum)

-

-3r
a l., .5x10

-] o 4
>7: U XIO 3(sea water)

-3
5x10

1.0 1.05 1'.10 25 0 75 10

r ,cm

Fig. 4.1 -Current distribution in outer conductor and
in exterior medium of coaxial. cable immersed
iln seawater.

These resuits. idicate that the imatrix equat ion gives t rust wort hv\
current densities When1 the Magnitude of the( matrix Clemen1C~t are small
enough to al1low reai ist ic cal cula t ions to be per Iormed . Thei use of t hisa
met hod for a large-s ized coax ial -%system is proball y not prac t ical , however,
bocaulse thle romp lox-va 'ined Bessel func tion mat ri ele men ts are very
sensit ive to changes In the mIagIItIle of the ir arguments. For example, a
five-fold increase in magn itude can resilt in ele-ments that wil I ield a
matrix not useful for numer ical calI cui I It Ion.-

Vte i11Ves-t' igatL i onl i d i Calt is tha~it (e i'Cct rIagnM 'I 't iC)i- pi k-up1 o I e-x tecrnal
f ielId s doe,; not appear to he as ser ions as C:IbI 0-t o-Cab I k-coIupl ing 'P,.

ConlseueInt lV, Considerable emplias is is; be ludIi recteid at thle arialIvs i a and
mi-asureMent of Cilbl-t o-Ciale coup] in , in a l tIdcd and1( IInlIi elded
si tuat ions. [lie stuld iea; empias i/e thli tel na 1 cables, (PlSS-3 andi~ l)W- 3) ill
utse rat her th ban a imuilat ions. Al though riesult s produICed I1w other tv\pes -f
cnblecs ;hoit ild be relIat ablIt to I)SS-3 and iSPT-1, inl tie( init erest of



achi iev ing max miuin c rtd i 1)i I it v I romin t Ilite programi rep resent at i ye samp I Ls of
the two cable t vpes tsi I I be needed. I hvse ca bl es, have been retqui'st ed f . 0111
thle Naval Wea pons5 Support Con t er .

Exper iment a IIv, prel iin inarv cabl IC COUpl ing ' tests on Oa pa ir of paralII c1I
wires over a ground pl ane were con t iniued. These t es ts were ca rr ieid ouit in

snia 14 wateor tank env ironnment -is desc r ibed intew. rviu1ttu

reports. At t i s t ime, attempts hiave bcen made to ITe(a u re coup)lugi, wit Ii
the wires submerged in air only.

In order to increase tHie levi1 of theW COup Iing) between tfie two wire,
the values of the loadI res istAances were ('bange-d from those given prey iousi v
(Fig. 4.2). With these values, the Coupled voltage, Vc, could be measured
easily wit hout amplilificat ion and hience no isi' ce-ased to be a ign ificant
probleml. 'I'le driving, voltage, Vs , Was set at 19 Vpp and! the frequency

rge from 100J liz tO 1001( klz was spanned.tevoaeVwainasrd

at eachi frequency an(I compared to theii pred icted vol tag"es g ivin by% thbe
program XTAIK. Figure 4.3 shows a comparison between the predicted
eon p1I i np and] the measoured coup I ing . At all f requenci'ies, the measured
magn it ide valueit i s within 12 . 57 of the va 1 ue prodiet ed 11 t he program XIA.
For t lie piss, tile mia.x mium error is 6. 5". Thle average error for tOle

magn itutde was 9. 3' and for thec phiase the average error was (.867. Th ese,
data serve to val idate time measurement tee hmn iquje.

V P Vp P 4 1 ? M

7-7-

Fig. 4.2 -Experimental setup for coupl ing measurements,
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Fig. 4.3 - agnitude and ohase or induced voltage Vc

the copu ter proram 'IlAK Or n ht 1Od i1 i0 d to e I fu I inl us s v mcudrin
such as fresh or saltwater, s teply by replac g the real peritt ivity c il
the complex effective permttivitv

ff (1 - *i -c

a d r

1 r

where £ r is the, relnttiwe dielectric constant of thet medium, r is the
conduct ivity, i€j is thet railian Fre"qulenc(y\, andl!' is; t sf roet-space' perrmitt i-
vi ty. [lhe' 1 sses in theL med inn (ci = u) can lic incl1 mcd wit hout v joint in
the TEM mode assumpt im in r the un iqutnis:s ,i vol iq t. .itd current
def i it ions. The next planned steps a rc t u perform tme se menasuremen t S inl

fresh and saltwater media.

4.4. PLANS

Plans tot the .Second 'jiarteor I'Y82 a r, ti,

•Performl c,'hie-to-cahl e coimp l L, mta;c:UI't:mtnt inl
a ir andi water and alnal \,ze re snit. s



5. WORK UNIT 1113.3 CORONA CONTROL

5. 1. IBACKcROTNt

A sina I I but s i gri if leanit percent ;ioc Of t ra-, sd icer tI a i tI res d It, tO
breal- lown Of (Ii ect r ica I iiat inmate r in I --;. A plc.ai cl eomenon01 t hat
coot r ibiutc.u to theite Lii I tres i., coronal. It is not pmaict ca I to tc ist thlie
contpi et cd t rans;diicer to iaso ri thle if leet s of coronai On li feic itnd
re I ja1 i Ii it %-. Corona forwat ion and ret a rdat ionl mos11t bh t -tid id ait thle comn-
ponent or p iLee-part Ilevel to locate autO iiiiit thle damaging efuc
lransdueer rclijab jlit v may' thlen he imnp roved by cont rol Iof (I s i go pa raMi tk is-

ant1d COo-t rou(t iOn processcs.

5.2. () bIEC'f I V ES

The objiect ivsof t his! work on it fot)r FY8 2 air t:

*Stutlv corona icpt ion vol tige character i sticc. Of
various L I ect rtli anld mlaterial assm]isa used
in transdutcers, inc luiding wirng, wire insoMlation1,
foil elect rodes;, and foil so] di.r tab) coatin.

*Proyvide receminenda tions-, a,; inet i rod , fior spec ifi c
t ran soldce r improvemnt t to avo id corona aind for
corona test int! thait will improve rel iab il it%,.

* lreltI- reA hand book oin traitn1'Lir corona abateiment

andii contLrol thLIa t cin be usetd to priparc t ransilducer
procurIimneilt sii'C if i cat ions'.

5.3. P ROG RES S

5. '). 1 . Voltage- endiiratwt tests wire jsor1-ornteLd on P/I ceramics withI t lhe

insu i t i ng suirface;; conat eil by (onap t vpe CE-1 17 1 m.ater in] . Earl it. r t i-,ts

had pointed to tli s maiter in for fortlier evalo int iotn. The vit]t. ace eLndtrin t,
ftunc tion Obtainoed f rom theLse tests showed ai lower avorage vol tag e breCak-
down than the retltsfor other coat ing, material s teLSt'd .1 I t als-o

revealed a trend toward earl v breakdown. Other obsecrvat ions, wire tina t hit

cured mater in 1 was, ha rd andl frac tutred ensi 1%'. '11 si f i nilin do not
commend Conap CE-I 171 for us.-e as an insul~at ing coat in;I for tra-n!sdice-r
ceramic surfaces.

5. 3. 2. A genera il goal of tie corona coot rtd Iif ort for t r;ii dvi cir,; i' ta

mainot ain thle coronia i ncept ion vittage, (CIV) on "fe lv above thle work inc

Vol t age.. Th11 compact formn of t ranineu(, in ay, lot coot ain intgl pate Io

use overdes i go methlods that avid i coronla. Ilicrefort * thle phvs i1 .1 l

pr me iples, that affect. corona format ion need to hue app] it'd to th In desi ii

to ensuire thlit ;idequtie space jI; prov'itd to meet thle corona rep; i rtmct

Corona can Oi-cur if a ir or gas h;S in t ii instil at ingv st riucItlire. IThe

volt age letveI at wichil corona beplnsi is dependent, onl (1) gas t pt , (2 )ga

pre-;u;;urc :e nt I (npina titire, ( 0 ga! a ' i1 p (4) kn!; o I i d inhl '1 a i on

1/



thicknless and d ie I.c t r ic connt ant, and (I c Ilect. rode :;Iiaip, A t \pical
structure that develIops corona is a i ok-tip wire, wit 11 ( ontacitt poin11t s_
betwCen thle -si id instiLat ion anid g'rollld an ".1own inl i i. '). I . Corona does
not Occur at tilie point of hISuIaLt ioll coolt oct 1lot ;it S011e nearbyv locaitioni
where the app]lied volL t-~ is sottfi, icult t b a down the asgap. The
shape of thle hook-up wire prov idt-s a ran es of no t sga;gptlukns

CONDUCTORS

GROUND

Fig.- I. -COrona~ IMat ionl C01 hunk-up wires;

Figure 5. 2 s;hoW.; al eOnera]j i ZLd se r ite inaol at ion at roe tnre whecre
corona can form inl th liega p bet weenl tit c onduc Ltor and)L ground.

CONDUCTOR

to Va AIR GAP

GROUND

Theii d i st r iluhi t- ionu ot t lit, vi I a , o tt ruict 'irt, is givenl b"



where V is; the voltage acro ; Lilt, )"-,s va, of thlicknkts; ; t,. Corona k,,il
occur in the gas; gap when V,, exced:; t he cond it ions of breakdown voltage
V, and gas gap distalulce g Vll il l'ible 5.1. These v/lues and Eq. (5. 1)

assume ;a uniform electric field for a specific ,a. t t lIW appi icable

pressure and temperaLture. ''he dat a in Tab]le 5.1 airv,. for thr-e d ifferent
gases (air, nitrogen, and suIfur hexaf inoridle) that hiave been used in ,;onar
transducers. The numbers.-, given were obtained I,' int erpo lat ilnL the
required point, from cuirve,; !T: I';llL' d )0L ot r invtest iat or.s. The data, are
considered correct for Stindard ciid it ios]; o1 20 and ]()1 .7 kPa (1 atm).
For other conditions of :i:; tempe ratut an,! preslturc t ilt' value for t, is

modif ied us-lng til' equ 1 iIll;

t = t 1(11.7 l")/(23 p')1 , (5.2)

where t ' is the new gas gap ttickne:s I'r is the gas absolute tenperature,

and P' is the different uas pre,;ur c in kPa . Equat ion (5.2) is derived

from the ideal gas law.

Tab e . - Breakdoi vfoltLaces of I ,asts ill a
uniform t lect ric t ield referred to
20,(C and 1(1 . kP:a pres ure.

G(AS GAP AIR N I IR():IEN Sly:
DI STANCE Vb \b Vb

(mm) (kXk-rms) (kV- rms) (kV- ,ms)

0. 0125 0.260 1],80 0l. 4 02
0.016 0.279 1. 198 01. 500
0.020 0. W0 o.21 1 ). 54 3
0.1025 0. 327 0.23O. 585

0. 032 0. 360 o.272 0. 6W
0.040 0.400 0.315 0.715
0.0m0 0.450 0. 17.) 0. 79

0. 004 (0. 506 (1.441 ,i 8w)

S 1.o8 1. 571 0. 512 I .(1

. 101) (0. 042 (0. 0P 1 . I 1
0. 125 0. 732 0.7 In 1 1 0
0. 16 ). 84( 0.875 1 51

0. 2) ). 970 1 .104 1 . 77
1 0.25 1 . 1 1.25 2.111

0.3 1 .3 i I . ' .51
0.40 1 .58 1.77 W.4

o. 61 1 . 8 .1 1. 7.

).801 2 7(i .99 . 5

Th re r , e - ,t, ri i v i in vlc I i i i ki i;t , i ;i,' in o il t ioil

a;set/nil V. If a se- :: f al ' i il it ion . l'4d4' ;;l. ilit  E>1 (E. I) Ill- ont,

c'ondit ion ol n;ol id is uiilat i )' materiil (' 1/ 1 ) .lld tilt- iair datt;i ton

'Iq



il it until 1  po C (I'I r, 1 i- I t '1:1d ionl

to B and i:1. Fr ;Ill, h l :1i I., 'I '< 1 C:tL

~~~~)~~ L*h~Al 1! t t t~ 01 tL !it Il 't1Ac> h.c Al I lt it V'

t l1t 1~th oIII.I ot , II

' 1.0_ _ _ _ _ __ _ _ _

0.01 0.04 0.1 0.4 1.0

GAS GAP THICKNESS (m m)

C
1 ~~ It~ ~
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f rom Rt'Car IV l unI if o cm to a med itm amoun t ofI d i ye r genIlc Morc' exp r imvn ta I
work is nueded to determine thle 114agr'li t t C 0 tt this decrease Of (IV witl

d ivergent eIleCtric I jelds in air and the Ot her vasc3.

'The curves; of Fig. '). + are experioritallv Ver it ikc ',h101 app] jied to
trans1dUCer ceramic that is t raictured . Asuethe ceramic t hicekness t,
12 .7 nim ( 0. ') j 11. Xd i ts d ieleC t r ic cons;tan t i : 1000 , thlen t he rat io
CaICula Ited-L is -10. M0127. Aui ext rapo Ia t i on o f t holie i r cu11rve inl Fig . 5 .4 shows
thla t C IV is lesI s the I)-I). ") k%,. 'Ihli s i )!)served ini co rona t ests- on ac tual
ceram ic arnd 11rL'LCseutS t l(e J)- i1)i I i t " of us-;ing A c'OrOIu te-st to detCt
ceramic fra ctores tft(-r I rausducer shoeck teosts.

5. 1. 1. A S t udv was made to LetLerm linc( it- oine Of the' cormmonIv used instilat ion

materil -; for hiook-uip wiire was best for usec in tranlsducers,.

l vv l c~V ChItr ide' pot - inofucroet le,'ene (teflon)
pol Ve't lIVI ln C nior na ted u t h Ilent

p0 1 >'ropy I ce p cIo oet- ftore lv1ei
I*v nxlr pol vx'invi id inc fluior ide

A wide range of compjjarab)le Character i st ic.; were consideredl for thet e'valta-
t ion . AllI of those, materials have omek (Ih i i Ciecv thaIdt CanuSe theLm to be1C
tLss thaizin idea(, I . IIo we vet r, po I v et Iby t Ii i I aI te flIo n wecrec t 1Le ma t c r i a I :;
with thle best composi tec score. The( (Ii f f itll I t V Wit h) polyethlelne is its
hiigh t emperatire I imir at ion (i460 0 C) and w it I I tef I on i s dL-g r, idait i on i n t he
presence of corona. 'this invest igat ion revealIed no p)art icuilar i I)stn Iat i onI
material that Canl be- s-elected over tile othe~rs.

Priniarv considoerat ions for avoid ii,', cou-ona On hook-up wire are t lie,
insullat in tIti c kness,. and diLel c t rit, constan t a s d iscussecd in 5 .3.. Fo r
instance , i f Corona is; to be avoided on hook-up w ire ow:it h teflonoi
inso lat ion and is to be opera ted at 5 kV , it canl be (Ikt t ni med from
Fig. 5.4 that thle irisullat ion thlickne-s Should bie aIt 1last 2 mmli. if- tie

insulat iOu is; pov iChloride, the thickiiess shiould be about 5 mm. thus

a met hod to avo id Co rona on wiring is; to 1useC si ccvim bu l]diip of tile
insirtat ion, inrefvrcablvx cn materialsq with ai low die]-cctIriC COIstant.

5.4. PLANS

C Iorntinure study- of corona incept ion voltaige. effects uinmg

so] id barr icr insulat ion with var ious ci ectrodc shapes, in

thr0Cc differenlt ss

*Study corona format ion assoc 'jtt t'jitil foil 4'C Cet rode Andl

so ldt'r joniit g,,om t rv'



6. WORK UNIT II.C.1 ENGINEERING ANALYSIS

The USe' Of mat hemat ical models for theL predict ion of performance of
transducers and t ransducer components Shtoulid be tit il izud . Many work units
of STRIP aim at improving component s such as ce-ramics, fluils, rubbers,
vetC.-'' 1Cw Lffc' of su ;0 .;IICh improvements- onl tranAdIUers' performances- need
expi ic it t-va bat ion. The in it ial approach will I1h to iluVe';t iga1,te- thle
effect of t he variat ion in ceramic propert ies kn transducer pe-rforman~llce

ushne VwAC program and known product ion datai onl t h ceramlic. Latevr
efforts,, Will he to evaluate changes in other materials onl t ransduciLr

performance to determine the impact of "t ight" vs "loose" spec if fcat ions;.

f6. 2. 0BJEFCTIVFS

11wl oblUCt ivO Of t his, Work on it i t o develo anI ld lit iI ize mat hel.-

ma t iPal mode? IS to pre-Cd i c Lt tran sducer be-hav i or , to make iluan t i tat i ye

compar ison s bet ween jired ic t ions, and evai I ua t ion resuilt s , to understand and

resolve uinexpec ted rcsu 1 t s , to proV idet; ii i dauc c to R&D in mater ia 1I
component S, and not)ise,, to provide cont i ngencv ( aipalbi I it v f or f uture proi em
areas, and to prov ide eng ineer ing documentat ion interf ac ing the t railsdticer
procurements and syst.ems- appI icat ions w ithI t he R&D ef fort s.

6.3. PROGRESS

Alt houglh thle ph hvs ica I pr inc iples of' ene rgy conversion of t Ict
transducers are relat ively Simple theC do cont ain severa complex Mechan ical
components wh ichi make thle predict ion of t heir acoustic performan~cetp yiite
d if f icult. A success ful app roa ch, long in use amongl t ran sduc erdeigers
is to cons-t ruct a mathematical model based onl the use of ideal ized electrical
and mec han ical components. Rcal1i sm is iittroduc ed by as;signling to thiese
components paramE ters, whose numer ical values, are obtained by, d irect
measurement onl th1w prototype component- t hemselveai. The resultant mat like
mat ieal1 model is translated inlto a computer program wiicih thlen becomet;
available for predict ing the effects of new des,-ign miodif icat ions or t he
effects oC component failure. In essence., t he computer model allows
complex experiments to be conducted (on a transducer) in the laboratory

without the presence of the physical object itself.

Of part icul a r impor tance in t hi a report is t he proposal to explore

changes in Sonar t ran sduc er per formatncie due to random var iat ions in)
component proper t I es, brought about t eit her by re Iaxa t ionl of 1)~ r o k r CMen1
spec if ica tions onl an al1ready cxist ing component or 1w iik if al new t\vpe.

replacement component who-,(e matiufar tit e, i s Subject to ;ma 1 1, ttnc on tro 1 11k

va r a t ion s .

The nutmer ica Iexper inient is Of the MotiCarlIo t , pc. I t coamp- i ses V rst

a determ inat ion of t lie probab iIi it V (I i st t- i but ion Of t fit random va r i it ions,

in seltectLed plw s i calI (or c Item ira I ) proper t ic S. of t lie aompoinert t . T II l s

d istr ibut ion prtiv ides, int ef fec t, a storelti't o f raidot tttmlwra; I rout

whti chI a n arbI i it r ary sv lee t it1 c.arti be ma,(Ie up 1)onI d eman1d . [lie Montc~ (',-)Ia



it Lt is I I c omi i 1, t i on ,I itinii, rc-LI i or i hmltt ands of pi to rvfincc lt-

d ic t ions :Cl cIi t Ii s l C CeL i VCI V bV r-AndOu numbe1)r input mladC Iv i ab 1m l

t lie randlom utiic e t li or t, lin L'

F*~cli compictit o I spe oc i Iic Na iv v t tF- u ".111 t Itis bel "tfilejCCt i'd t
Ill ira t o r ': -xpckr ii'1tat ionl %4WenVer i t s i or 11rF0 er t i L's .1 r' .1 It erei illnaAll

W1a V. A Cl11i L'f r L- I ';0I f a)r a 11 t e1ta1t i o I I P lt, ovr rid inn, nefed o i mprove t s
re I Lilb i I i t v . I hlis I -piirit it at i%', i'; siit i t 1it bM I i I W ~'b t WCseI
ro I Litb iIi it v miil p', r fso rmitict- is- o bt a int'ed Th is pp r, ni h' w I I 1 rs t be
a pi i cd t o tho'R I il ' t v ill t ri nsdulCL'r

Vhi' C011,pii t Ci r od !l0 1

l'nder Naivy tont rac t NdifO-,' iI -C-I '901, 1)ro ct-t - ,r i :I 1num11be r IS2 L
t 1s k I ')71 t It,, C'enera I Fl ct r lt Co . ltav'.' i I it t' 12r I-Ict ron1 iV Systemls
S vr;ic t I c Y (1 p ri-pared a ''Iser ' s tlmu o ti Iit, fra diicter Al I is
('t'mitcr ( At') Prognim' fIr t P~t' Na ival Sb I i i p tcm:( ummandL (IlMS 0187)
WasI int I n I 11 .' I, DC V! if., is mui I was pkib 1 i s;hed ni kfarc 1 '47. Ill t h10 TAC
1) rot; ram t Is' Fix- I i in moIt' -It'd is a I ou' i t iid fi v i 1)ra it o r in> i (I'u a mounlt in.;'
Can11, cons - idt-L 'rd as( an tJ p 411 Uiva I ont -s i x- t t iim i mai I t i1ir tt'-p')i r t ) ci rcn i t , mad upIo t1
o)f a1 1')C C 1,11 i C.1I1l 3 l l'ani'i s itP t s's in11pult anld t so*, )Iut put t cm ria s 1'l1' , anld a1 Lwo-
teorm Iinal (sune-po0r t) CCec t ri' ica 1 b)r; il Cop C 'd )1 l t o thei -mct-lcha i cal branch I
tI roul I 1 an1 I c "t r omWC 1A I it-al t raniif o rm' r . VIiwi sx- teL-rmii na I c i rcit is

(I L"onorklskd 1ut i ''hi, ack-oe' connt't t ed t o '-achI oit, er in set- icL'S/paa I Ic
W it t IIIiltI t -outt nu It t (rnils st'pa1 ralt 0'1v i d Lu I ifIi Cl. I t is sho wn i n 1t
of t Ie I I Lr 1mul111a I . 11 In t i I1 - t r,'11nsdliiCt' r the re iS a1 s imp)11 t' I ;I'nit' ) i '0~-
c'ra, I r i r illt I L' form of a Itol IlIos w \-I i ni dt,'r, 1 2. 7 - cm I on t;, I (). -- cm L i iamn
ai (). ')- t:IUP i Ck L e ectL roded on in theit inner01 inll~ oulter surt aces,. InT t lie

3 1- U raniaLICOti t Iliere alre several h10 11 OW p) it' 7C cram iC c vil nemsL c c t retied on
t lit' ends - andi cemnin ted inl Lcc 1) on1

VIit, meot h od( o f an11al yI inn, th tl'na l IT'JI ri.-sponeL Of t ilt' I -1 55tlO'I in

a1 MCt'C Pa.n i(%a I input(F ,~ ,' I1 L' ef*t ) .1nd nec 71Chln i'a I out put f)\, ( X rf,, I- Pt
and ( re I at ii l, f orces, antI vol Ioc i t it'.-i- t of ,ip npLinn c c pa rae !C t 0 rs. 111k
mat liemat ica l, moel t akes t lie, form of a mait r ix- osluar ion. !N'licin , in ati it ion ,
t t C oltolnenlt ''blac:1k- ho x' has aI one-t'onnt'ct iou l t't't cI i Il stt'ill as 1in inpt

scnLet Ilitj:1 l' lirmt Lr1, 1 airt, in ~ T1 i t bit ma t r ix ecu at i on lnisn

termsL of imipt'thtco p~a iric t cr t W v lie r t'nt'raI11ar i \x re 01a t i L)I
1 I iti Cou 1 C e1 s

oict rjti to nic- lian in ic 1 aracLr l l

Fqlmit iotn I . ) as, bet-n sOe t ted by lAt t Il b t ii t '0d 1~~~ I of t il' l)i t C':'t'im 1
'':1 inltm rm w11i Wt li1K 1" , stero i I -. o etrves.- tol modelc t lit' i'omp~o)n(l

Aln l t in o pri Itl inthinl c 'upi)Jl i i'1t'1,



InII csoen eQ lAC 210 hen eon st rue t (1 i n a (11 i c t i mip I t, way ,,i no rd L r

to pe riu i t pe r* , rma nce cp)red i ct i on s t o he madeL w it I2 mm,)i m m , litit necuosary,
input. I t act'ompl islies- t his by use of a (rit tf eas-i Ix .- I( tss;ihle s;ixh-

rout ie.A I i-,t of t he mos;t useful Of thlese i, presented bel ow for
ready refeorence

PERFORMANCE PARANOE IER

S 1.b BROt T I NF CAI.. -NAII1EF CALCU LIED _BY THIIE SXPB ROUT I NE_

LSW( 12 ) =. TRUE Electrical Admit tance/ Impcdance

LSW ( 13) .TRUF, Free-F jeld Ra-d lat ion Load ing

ISW( 14) =.TRUE Resonant Frequency

LSW( 15) = TRUE Ant i-Resonant Frequency

LSW 1If) = TRIUE Transmi t and Receive Response

lSW( 17) =. TRUE Array Performance

These subroutines will be selected in subsequent reports to carry ouit a
statistical evaluation by Monte Carlo methods; of the effects of random
variations in ceramic propert ies on elect roacoust ic performance of thle
TR-155.

.cvz~: iigll gits of the lAC p rogram have been h ef1vrviee
More deta iled analvses will he fort hcoming in a second re'port. TO use TAC
one requires a number of inputs. However, it is emphasized that reali1st ic
inputs must come from measurements on prototype construction. This is

discussed next.

Tinput -Parameters and Their Relat ion. to Experimental Measurements

The input to the TAG program consists of fixing the numerical values
of many input parameters in the manner outlinmed in the usqer's manual. The
preodure for making inpuits, is sulfficiently complicated to warrant an
extended review. However, to rema in hrilef, the parameters are coupl ing
coefficient, figure of mer' t , mechanical compl iance, blocked capacity,
electrical and mechan ical loss factors, turn5. ratio, and mechanic-al 0.

In pract ice, the propert ies of the piezoceramics as measured by, the,
transducer manufacturer are not directly insertable into the ~ .A

conversion routine is used to transfer compan-supplied data to the compu,,r
program itself.

TAG AppR1i c-a-t ion

The 31 -mode p i e xoc eram i c c yIi ind er tI a t se(,rves, as a f or Cc/ye k I oc i t v'

generator in thte TR-I 55 is shown in Fig. 0. 1 . InI recent years, the ,nppi icr

has been obl iged to furnish data cards, for some 10/ of a given IprocuIIremenL1It

listing these properties:

*the stress-free electrical ca pacitv (farads)
*the electrical tan6r
*thle nec han ica I resonant f reqiicne s' (kilo her t,, I
*the mechaniceal ant i-resonant frequoncv (k ilohiert;-)
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48 0
46. 1
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4? * 1 a
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4.0 0

36' II S

34 ' " , ,. - n t r of -apicit'
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6.4. PL IAN S

a Recogn iz ing that t r 175 point datCa alo e on ceramic propurt ius
falls somewhat short for a stat ist ical analys is we s;hall see' k
to obtain at least 2000 data points.

•Once 2000) add itilonal1 data pots are obtained we will re'peat
the construct ion of histograms and the ir correspond ing:
d istr ihut ions by methods detailed above in this report.

a When all random parameters and their correspond ing TAC input s

are in hand we plan to run a HMnte Carlo expur ment to determine

the statistics of performance variation due to, the random

variations in ceramic properties as furnished by industrial
suppliers.

An interim report will then be issued.
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7. WORK UNIT IV.B.1 SQS-56 Transducer Product Fabrication Specification

7 .1. BACKGROUTND

'InI thie pa-st t lic i' ~ has proct'ured rep i cemtii I oiia r t rani s duiI-; us inc

per f orman ce v ,pct, c jfest I ions wb 11 1 al Is t I t sc''.i1 ,l bid det r to0 r a d icalyI

change the trans-ducer liardwari' di ci' von inl tho-c ci-, whirt' a er

successfutl L.ransdlicer had a! rid,. icS- iirai('t'd. lls ' OtIC5 ii nld too
cas,-t 12, and t m'c~suijgdelAi ii'nc i-- 'and prdI -i'm inl th. roan Ilt in, hiardl-

ware. Tile qjlis t ion has I been aked 2,'i ir( -:uar t rain sucira; d if firint

from other hiardwart!; that is; whviy 'n-at '-'- al I ,i t ioCI s-~k a~ onici %vi- !ave

successfully produCed a given sonar1 t ran sdnicer?-

At pre'sent , tCie stat 0-nf -thli-art is such t hit aistand-al one. build-to-

print spec ificat ion is not like>. to be su-ecssfi, primaril''bivs

transducer perf''cmancc' Is cci ticalIN sensitive !o iii ctromi-chin ical pro-

pecties of the ciranhic and currLit manknfactiictn 2 tuis n igni's, czanot

econom ii'ally e onui- iielua to Consistlenc )f t hi''-c pi opurtlei'". Fortunate] ',.

it is possible to au 'tihe proil em be s Iadri !-(_d tot toal aldhrirct

to the Idalied ,nal. lii !a i ccompI id 1)vc I n thi' 'huil2d-t 56-

print' reqn irt-'ment . 0I ( irta inl component'; a nd procesi'st- i in t ise tranaiduci. r

to all ow for adj 'Ast molit La to c ompin satc ifIor (coram 1: var iat ions. lhie problem

is how to Tcov idet. !_inso design ad ] IiSt Mi-u, schliees in sue bl a way th Iit thli

contractor can ceasonabl Iv h held rc-;pouii L for uinit ;pecformanici' while

producing prac tical cep!I icas of tie p~rov'en t ra-nsducer 1een5

7.2. OBJECTIVES

The object ives of thiis tasik arc to t liiocet icall1 character ize and

experimental l', val idat e des;ign adjustment schemes (DAS;' s) for poss ibl e

inclusion in futuire SOS'-)'6 Transducer Product ion i'abriiationSpcfheton
which w ill produc'e prcac ticalI near copl1i ca t ran sd'iccr otn a product ion l ino'

basis. A secondarY obj oct ivo is; to develop l)AS (lit a of more general

ajpi icah ilit''.

7.3. PROGRESS

An i t e ra t i- a pp co ach is i ' i 11 a' pp[)1 1 leCd t (I a C Com 01) 1 I t i)ii , t a sk.

Ava ilIabl t)1 heore t c -alI mod e Is, ix pec r inmen -ItI t eI in i qu a -;, aIn d n in i mu m mo d i f i c a -

t ions )f hardware ace be ing tit ilI ic ed in ti-- f irs-,t i ticra t, ion t o p)r od ici'c

r tsl ts as, . f ast as 11oS S ib 1 ,1 a nd t o diet torm i nc( wh cret im ripo v ient arec

requi Ired . Ani effort is being mad'- to 1layv a* 1 "00d hl an :c1 be 1Ct W(-uJ t Ii -(o r'

and expi men t . flowever, experiment! s! sf if ficiiot scope)L to provide'

statist ical l-v a if' data are beood thie ri-s ources, oif this" tas;k.

'irhoccfore , ever';' iffort Must he made tO suIlp l(omen t the' exp'r i mitta

ev idence w ith ii it a from hproduci't ion 'n titact! _

At tiii in it jolt inM f) ti. !A''iri' ii li-scr i (h, a -ompit it ivi'

buy of I eng 1' I idI( ii I vI i h r'a t ar t ra 'I c r- i- int s wa -; anllt i c l joitcd 1I ,r tlis'

jijCk.DjiG PAiLBAI(NO ]iAZ
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IPue to t ime and moniOV uoll ;t r : in 'a inl Lt- oris, ina] ,ove rnnnt de s i oil
effort ( r'SL It ri n , inl t ire re ft crVnC' 01 C llken t ),a t lie ret, c a% I r.d i atL ion mode]
for the arrmv was not fIr11 v acMCV eyd. Ilit refore-, oire tank in t he f ir st
iteration has heon to determ inie t he prohbl eie; fojr ihc airrar model correct
them, rnd to hog in adaljlt ing, t het rtesa I t in;, arr:c: od I - reI LI I r cd o or t heit
present tank. TIit lack of all adeqnait el Ira :'r 71d" l i t. or is ina! dt;. it
effort reqn irt-d t hat s impli v ing., anmi ii , d '-itra int he !w laced air
the class of pCrlia;sihl I Ce ei g ns . [Ihis -- It (I ill,,: ,I el, i'.' rel ii nce(f bir
d e sign ipi r po St; onl a singl, Ice elemen t in ia r isv id hl I , I1 itI iVt model I.
MuchI use 11ra' heen1 made(L Of thle S inl!It'-CleIrt-11 t 'I de I I !,((-I I t'kI i I-r;at i t erajt i011.
It is he] it-ved t ralt l)AS t rends dk-iiiseil I vni insIeclmn rdipe
t ions- wi I t IkOf g1reaZt Va1Ilue to tire' tIak i, twi r ownl r AI , we I I
economica sta-rtin, la ]oinms for inlvet- i rn t ions illivolve ib' t lii a rayi iiodeI i-a
it heCoineS aval I lbhI C. Ili part iculiar, all w' th0 DAS4 -rhan -va;t ions 1c-pitt t I!
here in am'o hased on a mno del for a -si 1 t CL' I- eerIen. t . he- ': i ire-t I emen ('11t in-1e1-t

consi1sts 01 a sepairat - 1) an t wave mode'l for Al 1 01 lit'cnoe intil ct(ed
in tihe pr imary 1SSeMlIl Y t'st'epIt for tI lie railt iiw heat. 'I hum tar in a v
transducer all cerami j nr iavt' 1)t(-L'11 icr to he( i de.nt i ca I . Sinlce i
is known that the rad jat iiig, head IIan sign if icanrIl fleXing,' I hi ;COM~io"neiit
Was mTodelIed us; tn ', f un1 to tl e'I 0onllt t IWreov wt h a i-r r t pond ia 11 JIC0ns - ti is
r ad ta t i oni t Ii e o rv basd ( o n t t) hal If spa; (te Croe ca i Fun c tion .

Progre-ss Based -on- SigeEeei "lodul

In t lie Or ig' ian~ I deLS i'nl LA i tort r,, an I t ijag ii t Ilt rt' Iert-nc(I elment
the ctniputer prograim was ins! t rus t 'd to e) o !ILC t te .CeCrin lii c 1Ir eg t IrIs to(
ac hii ve thle reqn. i red F, on t 1L PSA , to ( eI cc t t a pa ra I le I inductor (one
comi)ollent Of the Cq CjiVAI lt circait fo(r Cw vntot ransfomcr indiNcated '* 1
F ig . 7.) wi' h gives ail in-wat or phalSe n 'ljL of I t 8 'K11:1 , anti~ to SCI l it

the aut-ot mansformeir turns, rat in 'aatI l;a to) maike t !Wht mill imIUM rMptda&nC inl
the transmit hanld tqrmal~ I to 1(010hie (c miU11t, dl to 1 1)) Ohm-il Pi, t lit pro-'s'i
an aIyvses ; The' lAS' o sns id(Iemrod tI irn i : r art i j-ni IlIv v ar i t ion n in t heit -
desi1gn c riterija.

hic crirpoirtut inholed ''switching, maitrix' in 1g. 7.! pr, set. i ior

circuit in transmit but air open c ircnuit iiii r yt'L'L. ti;i lie alut ot ranl--
former is not operat lye in the rt,'rtivt' nolde 1s thi ite it her tlit, tirw. rat i(I
nor thle Indttance is ava ilabl e a;, pairt )If ir tAS !,) it Le i vt'

Ini order to) lprOCO'- With tilt- f irs;t-itt-rot ioni anail''si--* it was
necessary to estal isP,, aIt les a pre1"l iiimar'- i tiilth rain't- It P,
ceramic' variat bus( ie. t kle comlex s ,adpaii ina ion pa r,rn'ncr-
From discuss ions wit 0r cramic mirT 1f dC t i r c-r it Pt-cm- ipiprit t n a ihit

althlouigh it was potoi '1i slit iii tn t ii at( )I a t Ile (-xt rei m, v.r ii r o .a -

in f orma t i onl walS ''I A~t a) t()I. ti I ti 't cit i.- ir'cart i-re (iiI i I

appear to i ;I)( av iiilil anVy upin ita i vt- irltm~, t iiou ''n tri i ( r I I-I it I ei

pa raimeteor vair !at i-i',;. A i t crr trtir- 'a',tri rei.,-;ile-d -in .irt it ,
u(r i-mit t 11it txnin' tire .'ar i;it a 1.- a t t .. i r iH I irirm t -I- 1
frunut ion;s I t Ill- t irniii'; u i i' hr ak l -l tht . ii.

win vnr i ti v . n I lir-: c to'a ttI inhc i two jiti i j 1ww t i r,; I-. t i- vI 'ctl o

arrna I v; i a t lit' a! naumpi)t ioii t hait vi r i :1 ti(oil ill t Ill- ill peJ rt it- 'i ' r--p lii t

pillin), va i~i ion1 Ia-; wcn id~pt kd It
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examp It's ot 1i 1 ot I Ii .7 - s lilowA 1ltil 1 e5 at p f 1t .1 ; t t 7 . shlows-
examples. Of plIo t 3; and Fiv- 7.0( show'; cxarliplces oft pl(ot ][I ii dcl ff 1 r-
tilt f irst t 11r te pairts (tIaor e xamplIe, F it 7. i, F i .. 7. 1bar) 1:1i !. 7. 1 k)
r ep)reCSen It t ti' caseC WhWI-( th 1 i1C t iherZ, Iis Wisher i'sciU-I' to Adclrit tiet

PSA, whilIe thle focirt It part ( F itI;. 7. M') thet pil-.so I, ct r i c tr-ali itcI( I vct
ad juis tmenIt i S reL-p)rov se teLud . The head t- i Ii rg Jass waslier csowas c ha on'
because it irave onre ort It leh s bet result SaIrI t hLe rec i ve response (: Fi 1. 7.
and( o t Iitrw i st, ' ii Ist ra ze Ios t ie, geliria I t renI ds. Tit, se ram i cs st as -k I L'n t ItI
C lSO i s pire sen tedI f or c ompa r i -soi t o i I I list rart e dii fo cr enleoCs amIong11il tl' 1(-Cases.

A s menCI t lid p 1k-( reL'V it) 11 SIV, t lit t Iren _ it p)rodutc t s;pec if- icat ion for t io
SQS-50 L'I enront cal I s far const ra in iint; I'M as- ; has; i.s for Lthe itAS tIs ing 1:fi
as, a des- icin constrajiit ( imiplemen011t Cd b) "tue Or- t lit ot her of t lie IlengIthI ad iust -
ment s ( i son sscd ii aove) re su 1 t s i n -cort a ii per fo rmanwc factors (suech as input
impedaulck n' agn itunie) 'I ke ins, a I mostf i dent i ta I ( inlit hefreqrienc v haud of
interest ) for tili, range of c oram i pa ramo t t rs -ons-i iderod, whioreas ceor tain
others (.-such as input impedaince phase ain ,,lel are dCli jt ins,.!

InII aat tILecript to hr ugt lie rkT ma ill ins, pl-v r o rr~ncoc factors Mrit re jit 0

agreinei. , tilie use, of! I'l as a des-ign) COMvit r.,jut wI s r i ttl F is clef ilnod
as the frLorpIienev ws111rC thIe inl-aIi r Adn, it tas olfL 1 thet PSA is a relat ive
min imum. The Fi used i S thaIt oft tIre0 reI Ir L'renC C e IemenIIt (8. 7 f) kIls: ) . 1 was
foundi tI, cit Ise o f Fn~ gen era I I v rover r s t lie p qIla i1lL i t i Is Wit i Cl Ig I ive a I, r Oeemen
and wht ilh deviate. For example, using, l*:1, thle impedanlce phaset anijl ts at,,
almost overlIa * s iii thle transmit haind of initoerest wh ereca s thle imipedance
magnitu~des Vary. tCompa rison of I.,igs,. 7. 1;a .rnl 7 . 3c w it h F i ,s. 7 -')a and 71.c

host Ira niat ch iins, F.m produced t lie~ hos-t iirat ( 1, ) f iipdAulcC e ,Iign it iidL i in t !ie'

t ramsm it handsk (ind icated bvy wile loatching F, prodclied tilte bes,,t 'satesi
Of impedaCeIl plra ,so airs, t. Such trends occur red inl PCentral and t lii,
sugge st.ed thle rise of' 1 a is thIe caut raimt , shiuld One ottcsi ire thet best
compromi se DAS. lie, Fu\\ const raint waT s UIt for ' ss.7. ib and 7..4) . 1here.-

fore, tire average frequetlncv beotween F in and F 1 ( F-AV= ( !"m~ '~ ",n) / -') ha s beenl
adopted as a tirrd trilal des ign const ra int fir thlt f ir;t -it t rat i on analI v s.

I t i s rro tew rrt lrv thla t thle SOS- 5 ( s v.sLemi is miore sons it iye Ct 1lt) pt
iinpedtrir C pC t so uil I V t ran i ntpedinrc c miaci it uitle duie ItoI t Ie C r Ira .c t Lr l 14t C
o f th litt rannli i t power amipIi if iers . TIM.r's;, At Iea1s t I Or ilill rt i:'tpcc;IIICt,
ctirsidertit ionr,;, f lie, FI miatch m iighrt be prc rtrcd over tit l it 1'nrmat ii I a DAS
for It lie' SQS- ') 0- s t emIn.

ci e 7.o Iiymd ttes t Iat Imat (i lln . s e tI 1ie le t IrAS tor t r~inrs ii

vol ie t il~lr e. Ini fact , for t lit, r )tt f at r;wlsit p'lirrir ,I- v.rr iit ion"
rains i de-rkt (;Irl r !It, ;c. l - 1 1 o t t ot I) ii, i I t eri e I.,, t bs.. r c'r'1 . 'Iii I Ill,
tit icr ii i, iio , oi f t I ill - AS' !s - ii (I r.i t i ': r i at iowil li t r.in,;iui vo t i r .

v I'r v lii cIIli Iw,; 1c t, ol1 .( r v I t It t iI1 1, t I i t I lI~ i I !'i 7. w n iI tini,

rI.,l I i I ilA gt ' I i th).fw idi ) Ilci t o i . ,,,

t It , fr, ~ w i b~ iid ;itI- iI Ili! f r it ,(I ill It i', tr~ t, I i I, ', I% il;l l
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la L, ~ -Sts pi ri me t er Va r i a t i ons

Iil i ii t i r -t -i t c rt t ion l;ma S is

Y 1 7YIB

4 . 1 (5 > 1) (2 >12

o 1 L .o 1) 1ot p o u (

f or sa i ca anaIL I I't'

I n pu t i inpt'dmcc in~igII it tdt- f'S trL')I ~l'I
I npuit imlpcdans ec p ia se vs rs icenc

3 Open-c i rt. t i t rec i vt, rs Snon Sc vs: f rL.'gUens V

!4 I'ran sm it %,o 1It aget rep ot SI VS v- frequencyx

1) Transmit cuir rent f)eponSt 'S LtsieC V

f) source I cxci per 1je-'L 0xsie(nn

7 Ceramj ic inl-a1 r idM i t t anCe v' - iCe(11inc\

1 lot a]I in1-a ir aiim itLtallct Vs reie
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Pl' i uned %'a I id(lat ion 1Kxpc r imen t

n onral I expe r imen ts aIre 1 pl [nnedt t o %,-r it f , -,omc oi te i ct I ll-
s tOflS reachW e Wd i 11 t IcL i 11 1 (2- U111011t t IhOort V ha(, I s;t lid ' io we-.v r, t lit ha rd -
wa ro iC a -1 to I it - 1h1cI o or Cx onX L o Cp1i0111 1 lLl 11 t hl- fu t re' such A'
C0onsidora,'t ion of r ino :olect ion proreltires.

El.xpe r imen t s live hbeen des igned tootai zc ; t(0ram 1;

parameters %, ia t het duImho I 1 Me t hod for , ne_,, t wo , th1 r ee!, a n d f -uIr r i n'
where eac h r Lng iS1 L' P a 5UI r od independen t I ,, and L t' Ie t 1I e Var ens!- C-omI inl !,):t
of ring,, (tLwo ' ;, L rti'ro' s, four' s) a1r,- obtained . I n 'ac h caseL', whet'er it
be a si,.lo ring, o r mo,)re, thle dUmbbel 1 ase areci t (d Sc' t 'it t ,ic

frequent% M i. is c Io so t o t h a t spec if i ed for the1 PSA. h( e:: pe tr i~".F t

be conductk.'d Withbout cement o1L ut S.

Part s airt ava i labl t f or two comleI te l ow-f iId Ce Clemnts. he
c omlponot e ll beW II MOd iI iod so t hat toXt c rolI trau-, rmer;; and li ! t or >
may be used for f lox ib ii it'. and so that d ifferot crmc t:,, Vr
,glass'. si'sas we I a; ru hbor-c ovored hecad as ien1,
cons ide red. This offort hlas boon in it inted.

A r rayv Mod(Iel in.,-

A computer ized model is current I"y be i n,, developed to invest i ,at
transducer elemenit boh iv i or wi thin the S-56 arra. % 1'IL t r eat rad c ilt i I
interact ions between transducers in full general it%, t ii. array model
includes a dynamic repre sent at ion of the transducer head using, normal1
modes. Both symmetric (fll] eight-fold symmetrv of the square Ilead) and
asymlmetric modles are, accounted for. Onlyv the symmetric- modes ar,, assumed1,,_
to be driven by tile transducer element; asymmtric modes are inc ludvd as
possib~le scatterers of the radiated field. inter-modal, inter-element
radiation interact ions are computed from the (hreen' s funct ion for an
infinite rig-id baffle. In its current form., the model allows a regular,
retangular array on a plane baffle. Mod if icat ion to a cyl indr icalbaifl
providing a closer approximat ion to the SO)S-56 array, will be accomnplizshed
by substitut ing the appropriate Greon' s funct ion.

The array model, incl1ud ing flexiiiog hoads , interfaces withI transducer
element models at the stress-rod and ceramic stack annuliis. TO be
consistent with the SEADUCER plane-wave elemenit models, the interface
condit ions are equal ity of average veloc it ius and averare sZtresses over t lie
ceramic and stress-rod areas. Element models.- for various posit ions, withIiin
the array need not he identical, thus permit t ing' inves.t igat ion of array
performance with random perturbations, inl the(- element construict ion or
ceramic properties. To exercise the model, a rectang;ular array is; def ined
by number of elements and element se,.arat ions along each axis. For Ccli
element position, a transducer model is created by' SLADI'CER and reduced to)
a three-port matrix. Port variables; are forces, on the :stress rod and
ceramic stack and e ither voltage or current at thle elect riocal terminals,
depending on drive conditions,. (F.or tile SQS- Sb array, ! inkage oif tie
eight elements inl a ,;tave to a common dr ive' ampl if ier will be included
in the model at a latr t ime) . Appi ied vol tagcs (curre~nts,) correspond lug
to an in tended stee-rin g are used as, forc es on ak mat riX problIem tO



de!Lt t'rm int current s (voI tages).- and .-t r->>; rod and Stack" V'OC- it itS Oil Ct'll
t" I emnten t Fhlie st Cdn lit useLd it he r out ward , to Cal cul1ate array source

I ve I , reeL'ive, response'L level , and beam pat t emrs; or inward to develop

deta iled. anial%-ses of veloc it ies, torces, stresses, strains and electric
Ie ttIsI- withi iiud iv iduail array elt-entts using SEA A CE.

PI;ins o r thet( FY8.2ecn quarter in(-e hide t he fol I owing:

*Adld phaise t raus.fer graphic outputs for transmit and

rt-ce ye- rt-sponst- tt) augment Lihe exist ing ampli tude plotLs.

B eg in cons ;iderat ion of rinog select ion procedures in HAIS's.

C ive incre.ased at tent ion to the receive mode in developing

[)A.'s . Fo r t-xampl1e , cons ider dependent adj ustmeunts of

ti(ramir ltng thI andl head or tail fiberglass washer length.

*Add t rain onit and recelve res-ponse and heam pattern outputs
to) thle arrav: predict ive cap~abi I itV.

* ba in more- definitive SQS-56) sy'stem constrat ings and
relu i remtnt s on array performance (r' ee iVe, and t ransm it).

B eg in exere is ing array pred ict ive model.

SAsessthet feas ibil ity of add ing a predictlye capabi lit.
for tht:,e (last-omer on the flexing head.

* sesfeas ibil itv of dev eloping' and using a modular
power amp I i ir pred ictivye model.

C out inue in-house experimen tal hardware development and
beg in ex per iments.

*Plan cantdidate cooperat ive effort to obtain HAS tdata as
part of the next Sq)S-56 transducer procurement.

One end produet will be a sample specification incorporat inig a well-
understood and crflI:control led HAS. Thiis DIS will he ucth that a
produciiet Oo nt rac(tor ca n ;t ill be hld1( respons ibL for th li' sii*. 'Ilc-el t'mnt

performance even t bough most of the components arc spec ified( as-

"bu ild-to-pr jut.
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